The sugarbeet cyst nematode (SBCN), Heterodera schachtii Schmidt, is a major root parasite of sugarbeet (Beta vul garis L.). It causes serious stand and yield reductions wher ever sugarbeet is produced, particularly with fields located near refineries where sugarbeets have been grown consis tently for many years. The objective of this research was to evaluate the economics of growing nematode resistant, trap crop radish (Raphanus sativlIs L.) as a second crop following malt barley for control of the SCBN, either with or without grazing lambs. Field studies provided a basis for an economic analysis of a representative farming op eration in the Big Horn Basin of Wyoming. Growing rad ish as a second crop following barley cost $223 ha-1 less than purchasing and applying nematicide; and increased the net return as a percent of land value, from 3.9% to 5.9%. Grazing lambs helped defray the cost of growing trap crop radish, increasing the rate of return to 9.3%.
years or longer, are not practical in many areas due to the lack of adapted and profitable alternative crops. As a result, cunent U.S. sugarbeet pro duction relies heavily on nematic ides for control of this root pest.
Nematode-resistant cultivars of radish (Raphanus sativus L.) and mustard (Sinapis alba L.), developed in Germany, provide biological con trol of the SBCN (Steudel and Milller, 1983) . These cultivars have been increasingly used in Europe (Cooke, 1991) and recently have been evalu ated in the U.S. (Gardner E.P. and Caswell-Chen, 1993 ; and Hafez and Hara, 1989) . Work in Wyoming showed that trap-crop radish is most ef fective if planted as a second crop after malt barley (Hordeum vulgare L.), rather than after dry bean (Phaseolus vulgaris L.) or com (Zea mays L.) (Koch and Gray, 1997; and Koch, et al. 1998) . To be effective, trap crops must produce an extensive root system for nematode trapping (Wilson, et al. 1993) .
Although trap crops offer an alternative to nematic ides, they must be cost-effective in order to be utilized. Better profitability is expected if they are grown as a second crop; and if they can be fall-grazed , providing low-cost feed for animals.
The effectiveness of SBCN-resistant radish for controlling SBCN and maintaining sugarbeet yield, compared with control of SBCN with nematicide has been confirmed for sugarbeet -malt barley rotations (Koch and Gray, 1997) . The objective of this research is to assess the economic benefit of growing SBCN-resistant radish as a second crop following malt barley, either with or without a lamb grazing enterprise.
MATERIALS AND METHODS
Nematode-resistant, trap crop radish was planted following malt barley harvest, 1992-94, on four SBCN-infested producer fields: Hefenieder, Worland, WY (HF92) , Hefenieder (HF93), Mosegard, Manderson, WY (MS94), and Snyder, Worland, WY (SN94) . 'Pegletta' radish was planted on the former field (HF92) and' Adagio ' radish planted on the other fields. Sugarbeet was grown on all plots the following year. Because of severe hail damage to sugarbeet in 1994 at the Hefenieder (HF93) site, sugarbeet yields were not taken. Methods for the cultural studies are described in Koch and Gray (1997) .
Additionally, a lamb grazing study was conducted at the MS94 location, as well as the Powell Research and Extension Center, on a non infested field (Yun, 1997) . Ammonium nitrate was broadcast at 56 kg N ha· ' . Radish was seeded at 24 kg ha-' . The experimental design of the grazing studies was a randomized complete block with treatments consist ing of un seeded, radish grazed or radish ungrazed. Treatments were repli cated three times. After grazing, all plots were fall-plowed .
Evaluations included radish top growth on a dry matter basis, as well as sugarbeet yield and quality factors. At the Mosegard site, 50 lambs grazed each 2.4 ha block from 13 October to 2 November 1994. At the Powell Research and Extension Center, 20 lambs grazed each block from 6 October to 14 December in 1994 and from 24 October 1995 to 15 January 1996.
A whole-farn1 economic analysis comparing nematicides with trap crop radish was based on a representative 291 ha iITigated sugarbeet and malt barley operation in the Big Horn Basin of Wyoming. The representa tive farm was originally developed by a panel of farmers for estimating crop production costs (Agee, 1986) , and was updated by Jennings (1998) , to include trap crop radish.
Two options were considered in the economic analysis. First, a traditional crop rotation was used, consisting of 97 ha of sugarbeet and 194 ha of malt barley with nematicide (l ,3-dichloropropene), applied at a rate of 112.2 L ha·\. Second, a similar crop rotation was examined without nematicide, in which 97 ha of trap-crop radish was grown as a second crop following barley, and then left ungrazed before plowing down. In addition, the effect of adding a lamb grazing enterprise, either without or with trap crop radish, was considered. Historic, 1985 Historic, -1996 , product prices and yields (Wyoming Agricultural Statistics) were used to calculate annual and 12 year average rates of return for each option, as well as assessing the risk of failing to meet a 5% minimum target rate of return to farmland over the 12 year period. For purposes of calculating the rate of return to land, annual product prices and dollar revenues were adjusted for inflation to 1997 con stant dollars, to match 1997 production costs and a 1997 land value of $3,711 ha·\ (Jennings, 1998) .
The whole-farm analysis was conducted by updating sugarbeet and malt barley budgets (Agee, 1986) , and then developing an enterprise budget for trap crop radish as a second crop following barley, based on production practices similar to those described by Koch and Gray (1997) . The trap crop enterprise budget incorporated charges for labor and owning and operating machinery, as well as costs for operating inputs, including radish seed , fertilizer and a post emergent herbicide to control volunteer barley.
To estimate the benefit from grazing trap crop radish with lambs, enterprise budgets were developed based on feeding/grazing trials described in Yun (1997) . Budgets were developed for purchasing lambs at an average weight of 38.6 kg hd·\ in early October; and selling fed lambs weighing between 63.7 and 65.0 kg hd·\ in early March, 150 days later, either with or without trap crop radish.
If lambs were grazed without trap crop radish in the rotation , up to 3,400 head were carried on 97 ha of beet tops and barley stubble for 45 days through mid-November, representing 1,577 lamb grazing days ha'! ; and an average daily gain of 0.132 kg d'! (Rule et aI., 1991) . After this time, lambs were placed in a feedlot to receive a free choice of 67% alfalfa and 33% corn for an additional 105 days, through early March, to achieve an average gain of 0.195 kg d'! (Yun, 1997) If lambs were grazed with trap crop radish in the rotation, grow ing 97 ha of trap crop radish provided an extra 28 days of grazing extend ing into December (l Oct to 12 Dec), for 3,400 lambs, based on daily intake of 2.0 kg hd'!, average radish production of 2,897 kg ha' \, and a utilization rate of 69% (Koch et aI., 1999) populations previously reported by Koch and Gray (1997) . Radish growth ranged from 622 to 2,518 kg hal . Radish growth was relatively poor at Snyder (SN94) due to delayed planting and volunteer barley competition. Barley was not controlled because of a large amount of viable seed on the soil surface following a severe hail storm. Initial SBCN soil populations among fields ranged from 2.9 to 18.3 eggs and/or juveniles cm). Reduc tion in SBCN populations with trap-crop radish ranged from 19 to 75%. Least control was at the SN94 site, where radish growth was least. Average reduction in SBCN population density at the other three sites was 64%. Similar reductions in SBCN populations with trap crops were repolied in Nebraska (Kerr et al. 1995) and ill Idaho (Hafez 1994) . Table 2 shows that lambs produced consistent gains while grazing trap-crop radish in the fall after the crop had gone donnant, 0. 13 to 0.17 kg dl , without concentrate or other supplement. Averaged over the three location-years, crude protein (CP), acid-detergent fiber (ADF) and neutral-detergent fiber (NDF) were 13.2, 17.6 and 24.5%, respectively (data not shown) . Over three location-years, lambs gained 302 kg ha-1 • Table 3 shows crop budgets associated with each farming system, including the traditional rotation with nematicide, and the same rotation with the addition of 97 ha of second crop radish. The cost of producing sugarbeet with trap crop radish was $1,638 hal , compared with $2,044 Additional economic analysis compared grazing radish with lambs as opposed to leaving radish ungrazed before plowing down. Table 4 shows Table 4 . Lamb enterprise budgets for purchasing 3,400 lambs in October, and grazing/feeding lambs for sale in March, either without or with trap crop radish.
RESULTS AND DISCUSSION
Graze Graze Without Radish With Radish Items:
(45d, I Oct-14 Nov) (77d,1 Oct-12 Dec) Net return to land 6 12 and associated lower costs, primarily from a reduction in purchased feed, $15 hd-I versus $21 hd-I . Savings from lower purchased feed more than offset the slightly lower rate of gain and lower revenue from extra days of grazing. Grazing sheep with trap crop radish in the rotation, contributed $40,800 to net return ($12 hd-I x 3,400 hd), compared with $20,400 when grazing lambs without radish ($6 hd-I x 3,400 hd) . Based on crop budgets in Table 3 , and lamb budgets in Table 4 , whole-farm rates of return and measures of risk are shown in Table 5 for each ofthe systems over a 12-year period. The traditional rotation of grow ing two crops of barley, followed by sugarbeet with nematicide, yielded a 3.9% rate of return to land; and the rate of return was below the 5% finan cial target 42% of the time. An economic benefit was realized from substi tuting trap-crop radish, grown as a second crop following malt barley, for nematicide. The average rate ofreturn increased from 3.9% to 5.9%, and the percentage of years the rate of return was below the 5% target de creased from 42% to 25%. Additional benefits occurred ifproducers grazed lambs in the fall after maturation of trap-crop radish. The average rate of return increased to 9.3%, and the percentage of years below the 5% target decreased to 17%. \Vith either alternative for nematode control, nemati cide or trap-crop radish, adding lambs was beneficial in terms of increased profitability, however, adding lambs also increased overall income vari ability as measured by the standard deviation.
Trap cropping appears to be an economical substitute for nemati cide, particularly if the cost of growing radish is defrayed by grazing lambs. Moreover, downside risk of missing the 5% financial target is reduced. The economic effectiveness of trap crop radish relative to nematicide may be conservative in this analysis. First, the $326 ha-I cost of nematicide (1,3 dichloropropene) was based on a 112.2 L ha-I rate, below the reconunended rate of 161.7 L ha-I , to more accurately represent practices in the Big Hom Basin of Wyoming. Second, no sugarbeet yield advantage was credited to trap crop radish , even though higher yields have been observed with trap crop treatments, compared with nematicide (Koch and Gray, 1997) . Fi nally, these results do not consider other possible benefits of trap crops, such as erosion control and green manure addition to soi I. or on a percentage basis, $42,389 / $1,080,000 = 3.9% (crops only). With the addi tion of lambs, net return is simply added to crop income. For example, from Table  4 , the average net return from lambs without radish is $20,400 [3,400 hd x $6 hd· 1 j, which generates a whole fanTI net return of $62,789 [$42,389 + $20,400) ; or on a percentage basis, $62,789 / $1,080,000 = 5.8%. Rates of retl.1rn for individual years are calculated in a similar manner, with yearly prices and yields.
t Expresses the percentage of time in which the annual rate of return falls below the specified 5% target. For example, the trap crop radish with lambs system, fell below the 5% target in 2 of 12 years, 1989 and 1994, or 17% of the time A 5% target represents a national average rate of return to agricultural assets as reported by the U.S. D.A. (1999) .
